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The first quantitative measurements of thickening of the horny layer of human skin in
response to injurious stimuli were done by Miescher (1) who demonstrated such a reaction
following ultraviolet light irradiations. There is good reason to believe that thickening of
the horny layer is a general reaction following not only actinic but nlso mechanical, chemi-
cal, electrical, and possibly thermal stimulation. Banal examples of extreme thickening of
the horny layer following chronic mechanical trauma are calluses and corns. Increasing re-
sistance to repeated applications of caustic chemicals, probably based on horny layer
thickening, has been reported (2). Hyperkeratosis of the sweat gland orifices after electrical
stimulation was recently found by Shelley et al. (3).
TABLE I
Rubbing with tongue blade for 10 minutes daily for 30 days. Aquaphor used as lubricant
Area is expressed in units corresponding to 0.1 cm.2 on the tracing of the magnified
(120X) projection of the section.
AREA OF HORNY LAYER AREA OF NON-CORNIPIRD EPIDERMIS
SUBJRET
Rubbed area
Control area
MG.
67
48
S.S.
164
96
L.R. J.F.
114 206
82 187
M.F.
177
135
MG. S.S. L.R. Jr. M.F.
150 275 175 194 239
152 210 179 263 238
—2 65 —4 —69 1
(—1%) (31%) (—2%) (—21%) (0%)
Difference 19
(40%)
68
(71%)
32 19
(39%) (10%)
42
(31%)
Aver, difference... 36 (38%) 1.8 (1%)
Standard error.... 9.09 21.2
Test of signifi-
cance t = 3.96 P = 0.02 t = .085 P = 0.50
t = mean/standard error. P = probability of larger t value.
The purpose of the present investigation was to determine whether measurable thicken-
ing of the horny layer develops after relatively mild chronic mechanical irritation of the
normal human skin, and if this is the case, whether the thickening of the horny layer is
accompanied by thickening of the non-cornified epidermis.
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EXPERIMENTAL
Five young adults were instructed to rub with moderate pressure one spot on the thigh
with a wooden tongue blade for ten minutes daily for thirty days. A small amount of aqua-
phor was applied as a lubricant to the site before rubbing. At the end of thirty days a five
millimeter punch biopsy was taken from both the rubbed site and the symmetrically placed
untreated site on the opposite thigh.
The specimens were fixed in formalin, embedded in celloidin, and the sections cut 12
micra thick. Special care was taken to cut the sections at a right angle to the surface. The
sections were projected on a piece of paper at a constant magnification. The horny layer and
epidermis were traced on the paper, and in sections of equal width the areas of the
horny layer and the noncornified epidermis were measured with a planimeter.
TABLE II
Rubbing with bolt of finger for 10 minutes doily for 30 dogs. No oquophor
Units of area expressed as in table I
AREA OP HORNY LAYER AREA OP NON-CORNIPIED EPIDERMIS
SUBJECT S. S. J. B. S. S. J. B.
Rubbed
Control
92 109
97 99
186 221
168 242
Difference
—5 (—5%) 10 (10%) 18 (11%) —21 (—8%)
Av. difference 2.5 (21%) —1.5 (11%)
TABLE III
Thin loyer of oquaphor op plied doily for 30 dogs. No rubbing
Units of area expressed as in table I
AREA OP HORNY LAYER AREA OP NON-CORNIPIRD EPIDERMIS
SUBJECT J. II. W. C. J. H. w. C.
Rubbed
Control
135
133
36
36
222
231
185
182
Difference 2 (1%) 0 (0%) —9 (—4%) 3 (2%)
Av. difference 1 (%)
—3 (—1%)
The results are showa in table I. The area of the horny layer in treated skin as compared
to that of the controls was increased in all five subjects. Treated and non-treated areas of
the non-cornified epidermis showed no consistent differences.
To determine if the lubrication with aquaphor plays any role two sets of control experi-
ments were done. Two subjects were snstructed to rub with the ball of the finger and with
moderate pressure one spot on the thigh for ten minutes daily for thirty days without any
lubricant, and two other subjects were instructed to apply lightly, without rubbing, a thin
layer of aquaphor to one spot on the thigh daily for thirty days. Subsequently biopsies wore
taken from the test sites and symmetrical control sites. The specimens wore processed in the
same way as described above.
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The results are shown in tables II and III. In these control series the results were not
consistent. The variations were of small degree in both directions and apparently not
significant.
COMMENT
In 1926, Linser and Kahler (4) checked the work of Jaffe (5), who claimed that cholesterol
in petrolatum caused increased hair growth in the shaved skin of rabbits. They found that
rubbing of either plain vaseline or cholesterol in vaseline, caused equally increased hair
growth, whereas either applied without rubbing caused no change. The authors concluded
that the rubbing alone was the cause of the increased hair growth.
In my experiments neither rubbing alone, nor aquaphor alone, caused an increase in the
thickness of the horny layer, whereas the combination of rubbing and aquaphor had such
an effect. However, since the simple application of aquaphor did not cause any thickening,
it might be assumed that rubbing is an important factor in the reaction. The failure to show
thickening in the rubbing experiment without aquaphor probably can be explained by chaf-
ing of the horny layer which necessarily occurs if the skin is rubbed in the absence of a lu-
bricant.
The mechanically induced hyperkeratosis in the lubricated sites was not accompanied
by enlargement of the area of non-cornified epidermis, an indication that there was no in-
creased epithelial cell proliferation which might cause hyperproduction of keratin. There-
fore it is concluded that the demonstrated hyperkeratosis is based on increased cohesiveness
of the horny lamellae with a decrease of the rate of physiological shedding.
I am indebted to Dr. Stephen Rothman for valuable advice in carrying out the experi-
ments and in preparing this manuscript.
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